This paper provides a model for the use of ontology in e-learning systems for structuring educational content in the domain of healthcare human resources management (HHRM) in Romania. In 
Introduction
This paper offers an ontology usage model in e-learning systems to structure the educational content in the domain of healthcare human resources management (HHRM) from Romania. The objective is to improve human resource (HR) knowledge, increase skills and qualifications of medical staff, ensuring personnel according to each job, in order to meet public health goals. We propose a system for personalized learning by defining this process adapted to each person involved in health system management by using modern web-based technologies, namely ontology. This system is meant to contribute to checking knowledge and growth medical staff skills in HHRM field [1] . We present the design elements of an elearning system with application in healthcare, and the steps to make a personalized training program using also Internet resources. The e-learning system aims to:  design and implement an e-learning environment based on web technologies, able to lead the process of building a personalized content for each learner;  solve some current limitations of elearning systems, namely those referring to the flexibility of computer assisted learning process and the promoted teaching methods, by offering new facilities to users, such as: (1) adaptive and personalized training process, (2) providing electronic documents, bibliographies by data extraction. Human Resource Management (HRM) aims to improve the organizational structure by increasing the performance of its members. A good HRM brings profit to the institution by the judicious use of human resources. In this respect the major objective is to personalize the learning process using ontologies to define the human resource management domain. Personalizing learning in HRM will be achieved by setting up learning paths for each user according to his/ her profile, level of knowledge, requirements and objectives. This will become possible by using: (1) the domain ontology, (2) learning objects, (3) modeling learner's knowledge. Due to the rapid scientific and technological development and accumulation of new information in different fields which imply updating knowledge for the specialists, lifelong learning (LLL) is a necessity in modern society, and includes in addition to the full range of formal, informal and non-formal learning, competences, knowledge, attitudes and behaviors that people acquire in their daily life [2] , [3] . In this paper we present the personalization model components, the methodologies underlying the ontology prototype, the prototype and the steps that will follow this work.
E-learning
The e-learning system assumes the existence of a learning framework (a platform), having implemented all the mechanisms and content necessary to the learning process. These systems are usually complex, require a large number of applications and resources and must ensure the communication between the training provider and the participants to the training process, and allow permanent access to the learning content and to online evaluation. E-learning is an alternative to lifelong learning in today and tomorrow informational society: the knowledge society. The new computerized environments must support new learning paradigms such as integration of work and lifelong learning, learning on demand, self-directed learning, contextualized information according to tasks, learning motivation, collaborative learning and organizational learning. The objectives in this area are personalized learning, educational content, widely re-usability, interoperability -ensuring communication among elearning systems, as well as with the human resources management systems.
Personalization, an advanced approach in e-learning systems
Lifelong learning is a systematic approach of getting and development of knowledge. Learners have different learning styles, goals and preferences, leading to variations in the efficiency and effectiveness of traditional elearning from individual to individual. Learning personalization becomes an advanced stage of the e-learning evolution. The e-learning system proposes to implement the personalization concept and to demonstrate that the learning personalization requires new solutions for several aspects like: profile identification, users' knowledge, learning style, psychological profile, learning goal, training level, user's goal and context, knowledge formalization, user's competences, user skills level assessment and feedback. The proposed personalization model involves three main domains: (1) the modeling of teaching-learning process, (2) learner modeling and (3) digital content modeling ( Figure  1 ) [4] .
Fig. 1. Personalization support
The models are based on the use of Information Management System (IMS) standard, which offers a conceptual framework for all three mentioned areas of expertise (IMS, 1999 (IMS, -2013 The teaching-learning modeling process implies the evaluation of several alternatives having as objective the personalization of the content and services offered to the learner, that lead to the creation of an optimal complex scenario including several steps: (a) the specification of the personal training options (e.g. entire course, one module, competence acquirement), personal data (e.g. studies / qualifications, age, activity domain) and personal preferences (e.g. learning style, hardware-software support), (b) pre-assessment of the learner knowledge level according to his/ her options, (c) personalization of the learning unit (course, lesson, module etc.) based on the learner's options, knowledge level, profile and preferences, (d) learning unit completion, with specific sub-phases for a computer assisted course, (e) final assessment and course close-up. The training design specifications are the basis for the system functional model ( Figure 2 ).
Fig. 2. Functional model
Regarding the learner model, the most complex personalization model can be achieved on five distinct levels, from simple to complex, as specified by Martinez [5] : (1) namerecognized personalization, (2) self-described personalization, (3) segmented personalization, (4) cognitive-based personalization and (5) whole-person personalization. These levels may act independently or interrelated. For the proposed e-learning system, the personalization by name recognition, selfdescribed personalization and cognitivebased personalization will be merged and inter-related. The cognitive data acquisition will be made using MCQ (multiple choice questions) and psychological tests. Several issues will be taken into account to specify the learner model: (1) personalization requirements taken from user knowledge profile that results from his/her profession, (2) IMS standard recommendations [6] , (3) optimized choice of learning style according to the learners' cognitive-behavioral features. A detailed diagram of the learner data model can be represented as in Figure 3 .
Fig. 3. Learner data model
Educational content modeling has to respond to the personalization requirements; the educational content will be structured as a collection of distinct learning objects. Their reuse in different contexts and (re)sequencing in different learning paths requires the adoption and definition of two essential elements:  the domain ontology (the structure of concepts and the relationships among them),  metadata describing the properties of the learning objects. The course ontology will be extended with the competences ontology, a structure of the educational content that enables learning of some basic concepts and certain knowledge that complement and / or support the main topic (previously studied). This approach allows a suitable training where there is no correlation between course materials and competency gap and thus provide information related to learner's requirements.
Ontology
An ontology is an efficient support for the course setting up / learning phase. An ontology is a formal representation of a common and explicit conceptualization of a domain of interest. It consists of a set of concepts (entities, attributes, properties) related to a domain, along with their definitions and relations among them. In the e-learning systems, the concept of ontology became increasingly common, aiming at: semantic interoperability of services, semantic web concept implementation, e-learning systems integration, personalization and user centered content [7] , [8] . There are many solutions and research that emphasize the use of ontology in personalization modeling and e-learning environment automation, namely for: learner profile modeling, behavior assessment, describing knowledge about learning styles and other issues arising in the context of e-learning personalization [9] . According to Gruber [10] : "An ontology is the conceptualization of a knowledge domain in a format intended to be processed by computer, format modeling entities, attributes, relationships and axioms".
Semantic Web
Due to the large amount of information on the Web, it is very difficult for a user to reach the desired content, personalized to his knowledge level. The modern web 2.0 technologies are not effective ways to solve this problem. The solution is a new technology: the semantic Web. The term "Semantic Web" reflects a new World Wide Web (WWW) architecture that improves content with formal semantics, which provides new navigation opportunities in cyberspace "The Web will reach its full potential when it becomes an environment where data can be shared and processed by automated tools as well as by people" [11] . Semantic web is based on the following core technologies: (1) Extensible Markup Language (XML) -is a widely used language for encoding documents and representing data structures, (2) Resource Description Framework (RDF) -is a data model that is used to represent data in the semantic web and the relationship between them. RDF is an XML-based language that allows the description of the relations using predicates, (3) Ontology -is a key part of making intelligent semantic web. Ontologies allow users to communicate with each other by providing a common set of terms or vocabularies and rules that govern how these terms work together. The purpose of web-based ontology is to provide richer integration and interoperability of data among descriptive communities [12] . The Semantic web could be used to implement an e-learning process. "Ontologies can be used to describe: (1) the content of learning materials, (2) the pedagogical context (such as introduction, analysis, discussion) and (3) the structure (the overall set of relations among parts of a course such as previous, next, is -part-of, references and so on)" [13] .
Methods, Methodologies, Tools
There are several methods and methodologies proposed in the literature as a guide for the main steps of ontology development cycle. In [14] there is an analysis of methodologies for building ontologies, but no one covers completely all the processes related to ontology. Most of them are focused on development activities, on ontology conceptualization and implementation. The important aspects related to management, learning, integration, evolution and evaluation of ontologies are not specifically treated. The method to develop ontologies from scratch is presented in Methontology by Fernandez López et al. [15] and may be used to create domain ontologies. The Cyc method [16] is mainly oriented to support knowledge acquisition activity. The method of Uschold [17] refers to many aspects of ontology development cycle. These proposals were based on the IEEE standard for software development [18] . Tools for creating ontologies have emerged in the mid 1990s. The languages specifically designed for data are: Resource Description Framework (RDF), Web Ontology Language (OWL, http://www.w3.org/TR/owl-features/) and Extensible Markup Language (XML). Web Ontology Language (OWL) is "a Semantic Web language designed to represent rich and complex knowledge about things, groups of things, and relations among things" [19] . OWL documents, known as ontologies, can be published in the WWW. OWL enables, via XML, the description of classes that includes specific components and properties. There are more ontology design media (Protégé, Ontolingua, CommonKADS, Chimaera). In our approach we use Protégé 2000 [20] which is a Java-based ontology editor with OWL Plugin, so it allows ontology implementation as an applet on the Web and allows multiple users to share it. We also use guidelines like in [21] to create the specific domain ontology.
Prototype Ontology
The approach of the proposed e-learning system will be focused on learning techniques in order to provide a structured organization of knowledge, using and extracting data from Web addressed to persons with concerns in HRM in the public health system. The vast range of Web information makes difficult for a user to find personalized desired content. It is therefore necessary to identify a method, an automated path to search information in the proposed domain, a HRM sub-domain namely human resource management in healthcare (HHRM). The proposed ontology will represent a knowledge base of information from the HRM in a hospital. Users will interact with other courses (Web-based courses) and other personalized educational systems. In this paper we present our intention to prepare an e-learning system addressed to users from HRM in the public healthcare system, in order to create and refine in a dynamic manner the management competences necessary in a general hospital activity. E-learning for targeted users aims to improve performance, human resources competences and ability to assess the healthcare services provided by the hospital. The scheme of the personalized e-learning system, designed and tailored to learning requirements to define key concepts that are the bases of a performance management in the healthcare system is presented in Figure 4 . Depending on the profile and responsibilities of each management team member, they will have access to the e-learning platform, in order to obtain a personalized learning program based on a specific ontology, as well as to get bibliographies complying with their learning requirements. For example, the general manager may be a physician -then, his/her training needs will have to focus more on management issues; in other hospitals the manager may be an economist, which means an increased emphasis in his/her training process on medical issues related to the hospital functioning. It follows the importance of the personalization process, depending on the profile resulted from the basic profession, that will capitalize the already acquired knowledge to identify the most suitable learning programs which are provided by the e-learning system ontology. In the human resources domain an important issue is competence. Competence consists of individual knowledge and skills that fit a particular job. Competence management is a process that determines the necessary human resources to achieve the organization's objectives, developing strategies for recruitment or for internal development to reach the required proficiency levels [22] . DOI: 10.12948/issn14531305/19.2.2015.02
Fig. 4. General scheme of the e-learning process using ontologies
The ontological system underpinning elearning in HHRM aims: to contain a complete and systematic knowledge base about the competences of the people we address to, to provide knowledge about competences, to enable the application of available knowledge to serve the set purpose. Specific information necessary to knowledge content to be acquired, with the goal to update the permanent managerial skills will be in the following areas: general legislation (Official Monitor), financial / economic, labor code, updated legislation, rights and obligations of physicians and other professional categories, official regulations on various medical and scientific domains, guidelines, protocols, laws and rules regarding scientific and medical research, labor protection standards and other regulations. The sources of these information will be acquired from specific websites (Ministry of Health, National Health Insurance House, etc.), but also from books and other educational documents. The improvement of e-learning system users' ability in the following evaluation directions will be considered as a first step of this learning / assessment process: staffing, the rela-tionship between the hospital structure and staffing, the relation between the services demand and staffing, medical personnel migration, as well as methods to increase professional / hospital performance and motivation / stimulation of the medical staff. Based on the results of this stage, learners will be able to grasp with better competence the evaluation of healthcare services provided by hospital. These evaluation results (in the e-learning process, based on data provided by specific ontologies) will increase managerial performance in HRM, which will be reflected in a better functioning of all services (medical, administrative-economic) from the functional structure of the hospital, aiming to increase the overall performance of the hospital. By this feedback (see Figure 5 ) a dynamic cycle will be closed, which involves on the one hand the inter-relation between the hospital as the central element and the health system authorities (Ministry of Health, Health Insurance System, Romanian College of Physicians, etc.), and on the other hand the continuous increase of hospital medical activity efficiency through a better and permanently adapted management to the medical system evolution in all aspects: scientific, technological, economic, legal, administrative. Protégé environment is used to develop the knowledge base of HRM domain, the basic concepts and their relationships. Thus the HRM concepts' hierarchy, in tree format and in graphic format, is shown in Figure 6 , 7.
The proposed e-learning platform, based on semantic web technology, provides electronic tools necessary to implement a new mechanism to obtain relevant information from the Internet, offering a the possibility to use the advantage of the semantic web and multimedia content (documents in electronic format, links, pictures, animations, sound, video, etc.). The platform will enable a "live" link of the trainer with the target group through specific subcomponents (e.g. Forum, internal messaging). Processing and collection of information specific to semantic web will be executed by a module / sub-component using open source RDF and OWL language. 
Conclusions
In this ontology-based approach, the design of a personalized e-learning system in HHRM helps to guide attention from a function and tools oriented approach to a semantic oriented one. Developing an ontologybased system for competence management allows complex interactions, providing intelligent interfacing. This paper will be followed by a knowledge acquisition phase, to collect the relevant information required to the ontology conceptualization, which will underpin the creation of a knowledge base of the multiple areas of interest. Data collection sources may be the representative employees from a hospital, and the electronic documents related to the employees skills assessed by test questions or other means. We will pay attention to the fact that knowledge (or meta-knowledge) will be built related to the workers' level of competence. The conceptualization phase will follow, when the ontology will be developed. On the one hand, this model includes a conceptual system of the domain (terminology) and on the other hand, it contains rules to interpret and use the identified concepts.
